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This article considers the process of the dissemination of scientific findings from the point of view
of the discriminative law of effect. We assume that the purpose of science is to describe the state of
the world in an unbiased and accurate manner. We then consider a number of challenges to the
unbiased consensual development of science that arise from differences between science that is done,
submitted for publication, and published. These challenges arise from the differential reinforcers
for both research and publication delivered by journals and editors for novel results, the underval-
uation of systematic replication and findings of invariance, and general lack of reinforcers for failed
replications. All these challenges bias science toward searching for, reporting, and valuing novel
results and consequently lead to a biased and erroneous view of the world. We suggest that science
should be approached more conservatively, and that a reevaluation of the value of replication, and

especially failed replication, is in order.
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After Keeton (1971) reported that naviga-
tion by homing pigeons carrying magnetized
bars was disrupted relative to pigeons carry-
ing brass bars, a number of investigators at-
tempted to demonstrate pigeons’ sensitivity
to magnetic fields in laboratory settings. This
was achieved by Bookman (1977) using pi-
geons in a flyway. But in 1987, after informal
discussions among interested researchers sug-
gested widespread failures to replicate the ef-
fect systematically, four of the negative find-
ings were assembled and published in a
special section of Animal Learning & Behavior.
In the introduction, Griffin (1987) remarked
that “Many other experiments of this general
kind have led to negative results, which are
not ordinarily published” (p. 108). This story
illustrates both the importance of systematic
replication in science and the fact that neg-
ative results may be published slowly (or not
at all). Here, we discuss the process of repli-
cation and the role of negative results from
the perspective of the discriminative law of
effect (Davison & Nevin, 1999).1

Reprints may be obtained from either author (e-mail:
m.davison@auckland.ac.nz or jnevin@cisunix.unh.edu).

I Recently, discrimination of magnetic fields has been
demonstrated in a laboratory analog to a signal-detection
procedure (Mora et al., 2004) in which pigeons had to
walk through magnetic fields. It seems likely that move-
ment of the pigeon through the field, rather than move-
ment of the field through the pigeon, is critical for mag-
netic discrimination.
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THE DISCRIMINATIVE LAW OF
EFFECT

The canonical paradigm that we have used
to understand stimulus and reinforcer con-
trol derives from signal-detection research. In
its simplest form, there are two states of the
world (e.g., stimulus present and stimulus ab-
sent) and two available responses (e.g., Yes,
No). Saying “Yes” when the stimulus is pre-
sent, and ‘“No”” when it is absent, are correct
responses from the purview of the experi-
menter and provide occasional reinforcers.
The other two stimulus-response combina-
tions (“Yes” when the stimulus is absent: false
alarms; and “No”” when the stimulus is pre-
sent: misses) are errors, and are not followed
by reinforcers. The omni-scient experimenter
(or the equipment) knows which stimulus was
presented and which response was emitted,
and therefore can provide reinforcing or
punishing consequences with no uncertainty.
The subject may be less clear about which re-
sponse produced which consequence in the
presence of which stimulus. Specifically, if the
subject confuses the stimuli or the responses
that lead to a reinforcer, the reinforcer may
strengthen a stimulus-response pair other
than the objective, experimenter-defined
pair. The discriminative law of effect is a
quantitative theory that measures the differ-
ence between the experimenter’s and the
subject’s knowledge of the world and its con-
tingencies. In this model, the relation be-
tween the stimuli and the correct responses
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Yes | No

Stimulus 50 0

No Stimulus | 0 50

Fig. 1. The experimenter’s knowledge of the contin-
gencies arranged in a conditional-discrimination experi-
ment.

is characterized by a parameter called d;, and
the relation between the responses and their
consequences is characterized by a parameter
called d;,. To the extent that dy and d,, are
less than infinite, errors are inevitable.

For example, in a 100-trial experiment with
stimuli presented on a random half of the
trials and feedback or reinforcement for all
correct responses, the experimenter’s knowl-
edge of the world may be represented in Fig-
ure 1. According to Davison and Nevin
(1999), the subject’s knowledge of the world
will approximate the experimenter’s knowl-
edge of the world only to the extent that the
subject is able to discriminate perfectly the
contingencies embodied in Figure 1. If the
discrimination is less than perfect, then some
of the reinforcers delivered for one response
in the presence of one stimulus may appear
to the subject to have arisen from making
that response in the presence of a different
stimulus (a stimulus-behavior error), or from
making a different response in the presence
of that stimulus (a behavior-reinforcer error),
or from both of these errors. If these discrim-
ination failures occur, the experimenter-deliv-
ered reinforcers will appear to generalize to
other cells of the matrix of Figure 1. The pa-
rameter that measures stimulus-response dis-
criminability is dg, and the parameter that
measures response-reinforcer discriminability
is dp,. Their values range from 1 (no discrim-
ination) to infinity (perfect discrimination).
Thus if dy, = 10 (about one stimulus-behavior
error in 10 trials) and d;, = 20 (one error in
20 trials), the subject will experience some
reinforcers that apparently follow experi-
menter-defined errors (No | Stimulus and
Yes | No stimulus). For example, the apparent
reinforcers for saying No given a stimulus
presentation are:

Yes No
Stimulus 50.25 7.5
No Stimulus 7.5 50.25

Fig. 2. The state of the objective world represented
in Figure 1 according to the subject, assuming imperfect
stimulus-response discriminability (dgy = 10) and imper-
fect response-reinforcer discriminability (d; = 20). We
assume equal frequencies of reinforcers for the Yes and
No responses.

No | Stimulus

Yes | Stimulus )
= ——— + No|Stimulus

dbr
Yes|No Stimulus ~ No|No Stimulus
dsbdbr dsb
50 50
=—+0+0+-—=75.
20 10

Similar calculations are carried out for all
cells of the matrix in Figure 1. Thus, accord-
ing to the discriminative law of effect, the
subject’s knowledge of the world will be as
shown in Figure 2.

In order to estimate the values of d,, and
dyy, or other theoretical parameters such as
d' in signal detection theory, the probability
of Yes | No stimulus must be estimated at least
as accurately as Yes | Stimulus.

Our example in Figure 2 assumes equal
feedback or reinforcement for the two kinds
of correct responses. However, if correctly
saying Yes leads to larger or more frequent
reinforcers than for correctly saying No, re-
sponding is biased toward Yes even if the
quality of the subject’s information about the
world (i.e., dg and d;,) is unchanged. And if
the bias is substantial, measured accuracy may
decrease. The effect of a five-fold difference
in reinforcer value on the subject’s payoff ma-
trix is shown in Figure 3. To calculate this
matrix, we assumed 100 reinforcers for
Yes | Stimulus and 20 for No|No stimulus,
with the same values of d;, and d, as we used
to calculate Figure 2.

The relation between this paradigm and the
scientific paradigm can readily be seen. The
subject becomes the scientist, the stimuli are
the states of the world, and the responses are
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Yes No

Stimulus 100.1 7

No Stimulus 11 205

Fig. 3. The state of the objective world represented
in Figure 1 according to the subject, assuming imperfect
stimulus-response discriminability (dg = 10) and imper-
fect response-reinforcer discriminability (d;, = 20). Here,
we assume five times more reinforcers for Yes responses
than for No responses.

reports of the presence or the absence of an
effect. Before beginning an experiment, the
scientist is unsure about the state of the world
but, as we shall argue below, the payoffs for
reporting a novel effect are larger than those
for reporting no effect, as in Figure 3. How-
ever, the big difference between the condition-
al-discrimination and the scientific paradigm
is that in science there is no uber-experiment-
er (or equipment) that knows the state of the
world. Therefore, differential reinforcement
cannot be made contingent on correspon-
dence between a scientist’s conclusions and
the state of the world, and the biased matrix
collapses to a single row as shown in Figure 4.
We argue below that the bias toward re-
porting an effect over reporting a noneffect
suggested in Figure 4 is characteristic of em-
pirical research that is submitted for publi-
cation. But, before the results are generally
available to the scientific audience, there is
another Yes—No decision that must be made:
to publish or not. Clearly, an editor has no
more knowledge of the state of the world
than the researcher, so the decision to pub-
lish must be based on other considerations
that we discuss below. An editor’s matrix is
shown in Figure 5, assuming the same total
reinforcement as in Figures 2 to 4 and with a
further five-fold difference in reinforcer value
for publication of new positive findings. The
overall effect of these successive submission
and editorial biases is to establish a very
strong bias toward publication of positive re-
sults in the scientific literature, even though
the process is supposed to be neutral with re-
spect to the state of the world where positive
and negative findings may be equally likely.

SCIENCE—SEEN AND UNSEEN

Let us first distinguish between science that
is done and science that is seen to be done

Yes No

Effect? 111.1 27.5

Fig. 4. Because the objective state of the world is un-
known (that is, we cannot know whether the world is
presenting a stimulus or no stimulus), there can be no
differential reinforcement for the scientist with respect
to the state of the world, and hence for the scientist’s
decision to submit for publication (Yes). Thus the biased
matrix of Figure 3 collapses into a single line showing a
strong bias for Yes.

(that is, submitted for publication)—often
called the “file-drawer problem.” It has been
said (e.g., by S. S. Stevens to the second au-
thor) that no research project is complete un-
til it is written up and submitted to a journal
for scrutiny by reviewers. But not all science
that is done is seen by reviewers. For exam-
ple, student projects (sometimes designed to
replicate or extend a published report) are
unlikely to be seen outside the professor’s lab
unless something quite striking emerges. In
addition, busy investigators are more likely to
submit their most exciting findings than rou-
tine replications. Thus there is no way to es-
timate the amount or the quality of unseen
research (although some idea of the former,
and perhaps the latter, can be gained from
conference presentations and barroom talk).
Finally, if the quantity and quality of unseen
research is unknown, then so is its contribu-
tion to the development of science—perhaps
most of the unseen research supports a re-
ported finding, but perhaps it does not. Thus
what an editor sees is a biased sample of re-
search that has been conducted by investiga-
tors.

SELECTION FOR AGREEMENT

Because no result can be validated against
a state of the world, there can be no ongoing

Yes No

Publish? 132.1 6.5

Fig. 5. The reinforcer matrix supporting an editor’s
decision whether or not to publish a result. The true state
of the world remains unknown, and further biases oper-
ate (we assume another five-fold bias) for publishing nov-
el positive findings.
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training in science that says “Yes, you got it
right” or “No, you got it wrong.” At best,
your result can agree with that of another re-
searcher. In this respect, the scientist is like
the quality-control inspector (a pigeon) dis-
cussed by Verhave (1966). Verhave showed
that pigeons could be trained to make fine
discriminations between defective and intact
pills on a conveyor when the experimenter
occasionally provided a known defective pill
and explicit reinforcement for responses to
it. But Verhave thought this process ineffi-
cient, so he instituted a procedure in which
2 pigeons viewed the same pill, and reinforc-
ers were provided occasionally if the pigeons
agreed. If pigeons were initially trained indi-
vidually to a high level of accuracy and then
put on the agreement regime, the fine dis-
crimination could be maintained indefinitely
with no known defective pills put in by the
experimenter—because the probability of 2
pigeons both agreeing and being wrong on
any given trial is very small indeed. Further,
if a discrimination-naive pigeon is placed in
an agreement procedure with a trained pi-
geon, the naive pigeon very soon gets trained
up to show high discrimination levels (Coo-
per, 1972). This is very like the process of
science. Young scientists are trained by prac-
ticed scientists and then thrown into the sit-
uation in which their success is determined
by agreeing with the findings of other scien-
tists, or by reporting novel results that others
will agree with later. For science as a whole,
this process should establish and maintain an
accurate consensus judgment of the state of
the world. But notice the bootstrapping pro-
cess: With reinforcement for agreement, if
the trainer pigeon has a high rate of errors,
the trainee also will come to have a high er-
ror rate.

If we assume that the real state of the world
is that a stimulus (effect) is present, and that
each experiment is of sufficient quality (high
enough dg, but still with error possible) to
detect a state of the world, then over a series
of independent experiments there should be
more Yes findings than No findings. There-
fore, reinforcers accumulate in the Yes cell of
Figure 4 and the effect will be well-supported
in the sense that the behavior of scientists will
be strongly biased toward the effect being
present, and the result becomes enshrined in
research reviews and textbooks. Equally, if an

effect was not present in the world, “No”
findings should predominate, the behavior of
scientists will become progressively biased to-
ward “No,” and the purported effect (e.g.,
transfer of learning in planaria by cannibal-
ism) will be dismissed.Z However, if a series
of experiments are not independent (per-
haps via reinforcement for agreement), re-
inforcers can potentially accumulate in the
erroneous “Yes” cell and an effect that does
not exist can become well-supported.

The above is no more than a behavioral
restatement of the widely held notion that sci-
ence moves inexorably toward a true depic-
tion of the world through the replication pro-
cess—that is, that true positive results will be
repeated and false positives will prove to be
unrepeatable. But even if all competently
conducted research was written up and sub-
mitted for publication, there are two inter-
acting problems that need to be confronted.
The first is publication policy, and the second
is publication salience.

PUBLICATION POLICY

Clearly, the scientific literature represents
all science only if all research, or a purely ran-
dom sample of all research, is published. But
the scientific literature does not, of course,
for a number of good reasons. Among these
reasons are quite reasonable questions of the
quality of research, the analysis of the re-
search data, the fact that a result already may
have been reported and replicated sufficient-
ly, and the publication policies of journals.

Journal publication policies vary consider-
ably, from the exclusive publication of sexy
new results right through to the publication
of any result given that the page charge is
met. This dimension appears to be correlated
with the Impact Factor measure, and is prob-
ably quite strongly correlated with the differ-
ential reinforcement (in terms of frequency

2 After McConnell’s (1962) initial finding of transfer
by cannibalism circulated through the worm-runner com-
munity, there may have been many failed replications (in-
cluding one by the second author in 1964) that were not
submitted or published. A well-controlled multigroup
study by Hartry, Keith-Lee, and Morton (1964) repeated
McConnell’s effect and showed that the same effect was
obtained by cannibalizing untrained worms (conditional
stimulus only and handling controls). A literature search
(PsycINFO) found that the last study on this topic was
published in 1967.
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and magnitude of reinforcers) of “Yes” re-
sponses. Thus science will progress fast via
the high-impact journals if (and only if) the
published results accurately reflect the state
of the world and are not errors (false alarms).
If they are the latter, a serious problem en-
sues: Eliminating such errors (with their dif-
ferential reinforcers) will be difficult, and
may be achieved only slowly in journals of
considerably lesser impact that have little ef-
fect on scientists’ behavior.

From our experience, to publish a failed
replication at the same journal level as the
original findings requires that the replication
be much more extensive (i.e., more condi-
tions, multiple subexperiments, etc.) than the
original (see, for example, Charman & Davi-
son, 1982, on the ‘“short-component effect”
in multiple schedules). This is not the kind
of research that can be given to a graduate
student to complete, and indeed graduate
students generally look askance at replica-
tions, and particularly at failed replications.
Such research, they believe, is far from being
sexy, and may well lead to lower grades and
less enthusiastic job recommendations than
new, astounding findings. Moreover, failed
replications can lead to residual doubts in the
scientific community about a researcher’s
technique. As with any mass media, graders
and scientists love the unusual, and journals
value the added impact that such research
gives them. All these factors contribute to the
publication bias suggested in Figure 5.

Replication, particularly direct replication
that fails, is the poor relation of science. In
one sense, this is right and proper—failures
may often result from poor design and/or
technique, and indeed these may be hard to
detect. And it is widely recognized that the
ability to detect the true absence of an effect
requires substantial statistical power. Never-
theless, the valuation of failed replications
generalizes quite strongly, and unfairly, to an
implication that any failure to replicate prob-
ably is a quality failure, the view often being
that although the research looks right, there
must have been something odd somewhere.
As aresult, such results either do not get pub-
lished at all, or get published in low-status
journals where they have little effect (indeed,
the very publication of the research in these
outlets supports the notion that the research
must be poor because it was probably reject-

ed by a series of better journals before ending
up there). This is double jeopardy. It results
in a publication bias toward “Yes” that can
easily be maintained when the state of the
world is “No.” This is a Type-1 error in sta-
tistics.

PUBLICATION SALIENCE

The process of science is cumulative, and
historical results continue to be available now
because they were published in journals that
are available now. Although a prior result can
be downgraded in value by advances in equip-
ment and analysis, there is no memory effect
in science—it is not the case that previous re-
sults have diminished value simply because of
the passage of time. Therefore, the scientific
consensus should be based on an evenhand-
ed consideration of all published findings.
But scientists are organisms, and some find-
ings are more salient than others, in part be-
cause of the journals in which they appear
and in part because of citation frequency. For
example, even if published, null results may
not be widely cited, whereas positive findings
are likely to retain their salience through re-
peated citation.?

In addition, there are salience effects based
on primacy. The development of a new line
of research starts with agreement that the
state of the world is unknown (though there
may well be an existing bias toward expecting
one result or another based on previous data
and theory). The first published research in an
area has a privileged position because it adds
a particular value to scientists’ view of the
world. Subsequent published research either
adds in value to this view, or decreases it. A
failed replication should return the state of
scientists’ behavior to what it was before the
first report—perhaps still biased by existing
theory, although this bias, too, should have
been decremented. We discussed above the
difficulty of publishing failed replications in

3 A notable, and highly cited exception here is the
finding that amnesics do not differ from controls on
word completion, whereas they do differ from controls
on free- and cued-recall and recognition tasks (Graf,
Squire & Mandler, 1984). This finding was salient, how-
ever, because it occurred in the historical context of con-
fusion about the ways in which memory in amnesics was
impaired, and perhaps a general expectation that am-
nesics should be impaired on all memory tasks.



90 MICHAEL DAVISON and JOHN A. NEVIN

equally prestigious journals, or even at all.
But even if published, a failed replication can-
not acquire the salience of being the first
publication because there is no prior finding
to replicate. Thus a failed replication has less
impact than the initial positive finding, much
as a successful replication has less value than
the original research.

In addition to their diminished salience,
null results seem to reside in abeyance, rather
than in the mainstream of science, because
of the statistical view that allows a null hy-
pothesis only to be rejected, not accepted.
The presumption is that if the person report-
ing the failed replication had used better
technique, more conditions and subjects, a
more appropriate analysis, the null hypothe-
sis could have been rejected. This is a major
problem if your metascientific view is, like
ours, that one job of science is to find and to
mine invariances—areas in which things stay
constant and over which a particular theory
can be applied successfully. This conservative
view should bias our behavior towards “No”
before we commence an experiment.

INVARIANCE

Within science, as Nevin (1984) has dis-
cussed, a finding of invariance has a special
place. A very important invariance comes
from direct and systematic replication of a
nominal finding, but equally important is the
direct or especially the systematic replication
of the absence of a finding. Knowing that the
variation of an independent variable does not
have an effect is important in allowing the
scientist to assert independence from that
variable, and to do so generally if the inde-
pendent variable is changed over a wide
range.

We take as an example the generalized
matching law for reinforcer rate and magni-
tude in concurrent schedules, which is usu-
ally written as:

m

B
log]?1 =a logﬂ + blog— + log ¢
2 72

mg

where Bj and By are response rates, ry and 7y
are reinforcer rates, m; and my are reinforcer
magnitudes, a and b represent the sensitivity
of response allocation to reinforcer rate and
magnitude, respectively, and ¢ represents in-
herent bias. McSweeney (1975) varied pi-

geons’ body weights and total reinforcement
in concurrent variable-interval (VI) schedules
with a 4:1 ratio of reinforcer rates. Her data
show matching to relative reinforcer rates (a
= 1) with no consistent effect on log re-
sponse ratios. Therefore, we do not need a
parameter for deprivation in Equation 1.
(This, of course, is a rather limited invari-
ance: Preference between different foods, or
between food and water, is affected by the
deprivation for food or water.) McSweeney’s
results also suggested that a was invariant with
respect to overall reinforcer rate, which was
later shown to be incorrect by Alsop and El-
liffe (1988), Elliffe and Alsop (1996), and
Logue and Chavarro (1987). In related re-
search, Davison (1988) found that sensitivity
to reinforcer magnitude depended inversely
on reinforcer rate, but McLean and Blampied
(2001) showed that the inverse was not true:
sensitivity to relative reinforcer frequency is
unaffected by variations in absolute reinforc-
er magnitude. Thus data on the question of
whether choice sensitivity depends on abso-
lute values of reinforcer rate or magnitude,
and whether sensitivity to rate and magnitude
ratios are invariant with respect to each other,
are mixed, and we need both systematic and
direct replications that should be published
even—or especially—if they report failures to
confirm earlier data.

THE EDITORIAL PROCESS

Editors do not know the state of the world,
but their behavior is biased toward certain re-
sults before the review process begins. They
know, we assume, existing data and theories,
and some theories may be dear to them.
Their behavior also may be biased toward
maintaining or enhancing the journal’s im-
pact factor. With these existing biases (and we
always use the term ‘“bias” in the technical,
rather than the pejorative sense), their jobs
are to decide how well the submitted research
was able to detect the state of the world. How-
ever, there are no reinforcers directly avail-
able for this discrimination, except in the
sense that subsequent published research
could (in theory) support their decision. But
we have already discussed the sources of bias
in this subsequent process. Indeed, it may be
hard for a particular editor to accept, in
quick succession, two equal-quality papers
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that come to radically different conclusions,
especially if the first one found, in a theory-
free area, an effect of a variable. Additionally,
editors seem loath to accept papers in theory-
free areas, often requiring for the paper to
be published that some prior theoretical or
data reason for doing the research is found
and displayed. How important is a paper that
demonstrates that a theory which is silent on
the effect of a particular independent vari-
able is correct in its silence? We think this
important, but others may not.

WHAT TO DO?

The processes we have described above
would lead inexorably and dynamically to an
accurate scientific description of the world if
there were no editorial, reviewer, and other
biases toward publishing novel effects and dif-
ferences, and away from publishing null re-
sults and failures to replicate. But the biases
that we have discussed lead to an increasing
number of false alarms (Yes | No stimulus) be-
cause of the strong biases to publishing and
valuing highly results of the *““Yes” variety, and
not publishing, and valuing lower, results of
the “No” variety. As a result, much of psy-
chology (and maybe of science generally)
may well be a Type-1 error. Theory-building
in such an environment is fraught with diffi-
culties especially if, as is most often the case,
editors require that research reports are
placed in the context of theories that have a
wide domain which cover all existing results
bearing on a theory. It does not look good,
and is generally unconvincing to editors and
readers alike, if theoreticians try to argue
away particular findings as being errors. It
seems that we assume, foolishly, that we have
an accurate description of the world, whereas
in reality we have a biased description of the
world.

CONCLUSION

Doing science is consensual behavior, and
we have argued that it is biased consensual
behavior because of publication policies
which themselves are biased by reinforcers
that should be extraneous to science. We be-
lieve that understanding the sources of bias,
and redressing some of the current imbal-
ances by actively encouraging submission of

failures to replicate, or to find an invari-
ance—in conjunction with a single-subject ap-
proach—could lead to a science that much
better represents the world and how it works.
We are aware that our suggestions would like-
ly decrease the status and impact factor of a
journal that followed them—but in the long
term, this latter consideration is irrelevant.

We close with an observation based on the
discriminative law of effect. In our analyses of
the effects of reinforcement for errors in a
detection task, we found that d, and d,, were
invariant even though measured discrimina-
tion was sharply reduced (Davison & Nevin,
1999). In scientific research, d,, and d;, cor-
respond roughly to the true magnitude of an
effect and its discriminability by a given ex-
perimental method. Thus publication of er-
roneous results need not reduce the potential
for continuing research to describe the state
of the world as accurately as possible.
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